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Historical perspective

Garbage was never a problem in urban India up until the 1950’s. It was an organic-rich resource, competed for and collected by bullock-carts bringing farm produce into towns and cities, for on-farm composting.  Thus food wastes returned to the soils that grew them in an eco-friendly closed cycle of valuable nutrients. Two main factors have killed this recycling practice completely. The plastic era brought thin-film plastic carry-bags into garbage in ever-increasing volumes. Wind-blown or ploughed in, these blanketed the fields and made them infertile by preventing water percolation and not allowing seeds to sprout upward.  Secondly, the cheap availability of heavily-subsidised urea, easy to transport and spread, still discourages on-farm composting of even on-site agro-wastes.  Sadly, India continues its increasingly heavy fertilizer subsidies which all our neighbouring SAARC countries have successfully phased out, despite similar populist-politics constraints. The fact that India’s lavish subsidies do not help its poorest farmers is an added folly.     
Surat was a wake-up call for the nation in 1994. Unwanted, uncollected garbage choked all open drains in this city of 1.5 million, causing floods which entered rat-burrows and brought plague to the city. The efforts of one heroic and dedicated IAS officer, S R Rao, converted India’s filthiest city into its cleanest one in just 18 months, creating a model for every other city to follow if it chose to. India’s tragedy is that so few city councils or managers want to follow this lead. 
 Post-Surat, two Clean India Campaigns in 1994 and 1995 led by the late Capt J S Velu and Almitra Patel, covering 100 cities by road from Kashmir to Kanyakumari, revealed that “Highways are the garbage map of India”  because in the absence of earmarked waste-management spaces, all the cities we visited had open garbage dumps lining all their highways nearby. This is because almost all municipalities are unable to process or dispose of urban waste within city limits, so they dump it just beyond their boundaries in Panchayat areas, owned either privately or by the State.  What was striking was that every one of the municipal commissioners we visited really wanted to do something about this mess, but were at a total loss as to what to actually do. So to solve these problems, INTACH members in 1996 persuaded Almitra to file a Public Interest Litigation (PIL), No WP(C ) 888/96 in the Supreme Court of India,  seeking directions, among others, to every State and Union Territory to provide its urban areas with adequate spaces and guidelines for eco-friendly waste-processing and disposal.  Both these objectives have largely been achieved, but it is compliance that is lacking, in highly variable ways.
Legislation
The March 1999 Report of the Supreme Court Committee on Solid Waste Management for Class 1 Cities in India is in effect a waste-management manual written by leading city managers for all other city managers, covering not just technical aspects but also administrative, legal, financial and health issues. It can be downloaded from www.almitrapatel.com or reprints (English or a Hindi translation) obtained from almitrapatel@rediffmail.com.

Based on this Report, the Govt of India gazetted the Municipal Solid Waste (Management & Handling) Rules 2000, which now provides a clear waste-management roadmap to be followed by all urban areas over 20,000 population.  Its principles are simple:  keep roads clean by not dirtying them with waste in the first place: keep waste indoors until collected at the doorstep.  Keep ‘wet’ food wastes and ‘dry’ recyclables unmixed, both at home and during all transport, in order to minimize waste quantities by recycling both, and to stabilize all biodegradable waste, either for use as compost or prior to ultimate disposal in landfills.  
Progress Report
There has been fairly good progress on all the early stages of the waste management cycle.  In a 128-city survey presented by Mr Asnani in January 2005, 39% of cities had achieved over 50% waste storage at source (home, shop, café). One-third of the cities reported over 50% success in both doorstep collection of waste and in separate dry-wet waste collection. 79% cities had achieved 50% levels of daily street sweeping, even on holidays, and 54% achieved this level for covering of garbage in transport trucks. 30% reported over 50% success in 
removing open dumps on the streets.  Almost everyone must have noticed that in general, all over India, cities look cleaner than before. Unfortunately, there is excessive dependence on roadside steel containers to be removed by specialised dumper-placers which are quite unsuitable for smaller towns.  These metal bins are easily corroded and very expensive to replace.  A breakdown of the mechanized transport vehicle leaves them as overflowing eyesores, and a permanent standby for such specialized vehicles is an unaffordable luxury for most towns. 
Model City

Fortunately India since 2006 has one model city which is not only dustbin-free but also virtually zero-garbage, with less than 5% of all collected waste requiring ultimate disposal. Suryapet in AP (300 km east of Hyderabad) with 1 lac population, is fully compliant with the MSW Rules. Its remarkable Commissioner, S A Khadar Saheb, achieved this without a rupee of State or Central aid, NGO support or any waste-management charges to citizens.  Using only normal Municipal resources, excellent man-management and untiring interaction with the public through neighborhood and trade-wise meetings, he motivated over 80% of households and shops to give unmixed wet waste and recyclables separately to the morning doorstep collection service.  Crucially important for success is the visible commitment of any Municipality to carefully and separately transport the wastes given unmixed by the citizens. Suryapet’s tractor-trailers, which stop at short intervals along their collection route, have a high weld-mesh cage in the front half of the trailer to receive dry waste. The wet food waste is loaded into the rear half of the tipper-trailer and unloaded at a half-acre site for bio-composting followed by vermi-composting.  Then the trailer moves next door and the removable central partition is lifted up to unload all the mixed dry waste for hand-sorting and stacking in a special municipal shed. Here eight waste sorters paid by the city move the waste into separate bays for paper, cardboard, plastic, glass, PET bottles, rubber and wood,  Their salaries are comfortably met by bulk sales of the sorted waste to kabadiwalas (buyers of recyclables) who transport it directly to mills and factories for processing.    
Suryapet has a separate afternoon collection of inerts like debris, piles of road dust or drain silt.  This clean garbage-free material is used nearby for road-widening, shoulder-improvement, plinth-filling etc and needs no separate costly land-filling. Thus wet, dry and inert wastes are all usefully used, leaving little if any waste for ultimate disposal.  Urban India has got into the bad habit of collecting inerts along with garbage in the same trucks in all trips, with the result that  this mixed waste contains upto 45% of non-biodegradable non-recyclable inerts which make everything else unusable for either composting or energy production.  This single change in waste-transport practices at no extra cost, will everywhere reduce waste quantities by over one-third, and drastically reduce the cost of processing and disposal of the remaining waste.  In the 128-city study, this was the one area where compliance was grossly inadequate :  only 8% of cities had achieved even 50% waste-processing levels, and only one city did any scientific land-filling.  By now perhaps a dozen cities have spent considerable sums on construction of waterproof lined landfills with built-in piping for gas venting and leachate collection, but all these are strangely lying empty, as cities are reluctant to “shorten the life” of their landfills by actually using them!  A World Bank observer rightly commented that they seemed to have no inhibitions about shortening the life of nearby residents instead by continuing open dumping near these landfills.  
The problem of Debris

One of the main reasons why debris is often deliberately added to Indian garbage is because almost all waste-collection contracts pay for its transport on a tonnage basis.  There is so much built-in corruption everywhere in waste-transport contracts (inflated estimates of waste quantities, 3-4 trips’ bills submitted for every actual trip made, contracts cornered by elected councillors’ nominees, etc) that there is great resistance to change. If and where there is the will and willingness for reform the solution is easy. The bulk density of mixed wet-dry garbage is about 0.5,  i.e. a truck of 6 cubic meters capacity should weigh in at no more than 3 tons nett. Debris by contrast weighs 1.2 – 1.5 tons per cubic meter. So a payment system by weight (to prevent under-loading) with a cap on payable tonnage based on the cubic meter capacity of the particular model of vehicle will discourage debris loading. Chennai had this system in the nineties to discourage overloading:  large trucks weighing in at over 7 tons were penalized by a payment cap and reported to the control room.        

Civic Indifference

Another reason why Municipalities are indifferent to waste quality is that they have been used for decades to zero cost of processing :  dump it outside city limits and forget it.  The current emphasis on privatizing waste processing by composting or biomethanation etc leaves cities with no interest in or incentive to improve collection of unmixed wastes to save eventual costs.  There is a defiant “let’s see how you manage” attitude of non-cooperation or sabotage instead of appreciating entrepreneurs who come forward to literally do a city’s dirty work for them.  The contractor of  Mysore’s excellent compost plant was summarily terminated by a corrupt Commissioner for not paying bribes.  The city claimed it would run the plant but this now takes in only a small fraction of its installed capacity while the bulk of the waste is dumped just outside the walls of this ADB-funded facility and periodically burnt to make way for more waste.  An Akola Commissioner tore up his predecessor’s contract with a composter for free supply of waste, insisting that they do the entire city collection at their own cost.  Kolhapur’s contract specifies free supply of waste upto 150 tons a day, with payment to the city for additional tonnage, so there is a built-in incentive for the city to add debris to its garbage, which it does, ruining the composting process.
Composting
Both the Committee Report and the Rules recommend composting as the most suitable and beneficial way to process urban waste for two reasons:  Firstly, it is a low-tech, low-cost natural process used since several thousand years, and secondly this greatly helps rural India to overcome an alarming 6 millionn ton shortage of natural manures like cowdung in the farm sector.  Soils and the soil microbes that make nutrients available to growing plants require both carbon and nitrogen to thrive, just as human bodies need both, in the form of cereals and protein. The Green Revolution which provided cheap and abundant nitrogen in the form of synthetic urea, was a great success because India’s soils had stockpiled abundant soil carbon (humus), upto 2-4%, provided by many centuries of cow-dung use.  At that time, lack of soil nitrogen limited crop production. Today, unbalanced use of subsidized synthetic fertilizers without adequate organic manures has reduced soil carbon to 0.2% or so. With carbon now a limiting factor, soil fertility and productivity has drastically declined across all States and soil types.   
Fortunately, it does not take much to rapidly restore soil health.  Before the use of  chemical  fertilizers, 8-10 tonnes per acre of farmyard manure were applied.  Now just 0.5 to 1 ton per acre of city compost (made from urban wastes) can give the same result, and are most effective not alone but used along with chemical fertilizers. This is called IPNM or Integrated Plant Nutrient Management, for which there are innumerable documented success stories.  Best of all, it need not cost the farmer anything more, as the numbers in the accompanying box will show. In this example, a paddy farmer was persuaded to use just 50% of his normal amount of chemical fertilizer, and spend the saved amount to apply whatever quantity of organic manure this would buy (0.5 ton).  The results were astonishing: six weeks after transplanting, the IPNM crop in the test plot on the left was a dense lush dark green, while the main field under only chemical fertilizer was sparse and scanty and the soil much drier.  

Benefits of using city compost
Trials of city compost have proven the multiple benefits of IPNM (combining city compost with chemical fertilizers) on a great variety of crops. Looser soil structure leads to stronger root systems which increases resistance to pests, and saves cost on pesticide use with less environmental pollution.  Water retention in the soil is increased, so that just 4-5 waterings per crop are needed vs 6-7 waterings required when only chemical fertilizers are used.  This alone will be critically important for our food security in the coming water-stressed century.  Improved soil moisture insures newly planted crops against increasingly uncertain rainfall patterns: in Kuilapalyam (Tamil Nadu), germinating groundnut does not wilt even if there is no rain for 12 days after sowing.  In Latur (Maharashtra), when two or even sometimes three sowings are needed because of drought conditions, even the first sowing survived in plots that had used city compost.  
At Subedarpalya near Bangalore, IPNM banana crops yielded 25% more, IPNM ginger yields were 66% better along with 20% water saving amounting to 1 lakh litres of water saved per acre. Everywhere that city compost is used, there are fewer weeds and hence savings in the cost of weeding labour, because the high temperatures of compost heaps kill off weed seeds that remain undigested and viable in cowdung. In Bellary, use of enriched compost improved fruit set, size and yield, plus improved shelf life, flavour and pest resistance, in papaya, fig and pomegranate. Mulberry and tobacco leaves grow larger and stay fresh for longer.  
Constraints on compost production and use
Compost has wonderfully restored the fertility of unproductive soils like those affected by sea ingress after the tsunami, or in Kutch, or khar soils made alkaline by over-irrigation of poorly drained loam. India has over 11.6 million hectares of low-productivity nutrient-depleted soils, ruined by unbalanced and excessive use of synthetic fertilizers and no organic manures or micronutrients. TERI
 has estimated the economic loss of these man-made barren lands at Rs 1 – 3 Billion, annually.  So far there has been insufficient availability of compost for restoration, despite a supply potential of  over 11 lakh tons of city compost per day. 
Why then have city waste based compost plants not thrived, or have even closed down? Municipalities’ wilful  indifference to supply of debris-free and if possible plastics-free waste have forced the closure of Vijayawada’s 10-year old compost plant. Government indifference to IPNM and farmer ignorance are largely responsible too. Though city compost can perform as well as ten times the same tonnage of farmyard manure, farmers expect to buy it at the same price, of about Rs 500 a ton, vs a farm-gate cost of Rs 3000-4000 for city compost because it has to come from much farther away.  There is no such resistance to the price of vermi-compost from earthworms, for which farmers readily pay upto Rs 10,000 per ton. That is why vermi-composting is an ideal option for smaller towns like Suryapet, with an agricultural hinterland.  Vermi-composting cannot be done on fresh waste because the high temperatures of decomposing heaps would kill the worms. The waste needs to first be stabilized (made free of odours and polluting leachate production with no further volume reduction) by unloading it in heaps which are turned weekly 4-6 times.  Application of composting bio-cultures (containing cellulose and lignin digesting microbes from cowdung, soil and wood-rot fungi etc) greatly speeds up the eco-friendly decomposition of waste, which can then be either sieved, enriched and sold as compost, or fed to earthworms.
Co-marketing of city compost and chemical fertilisers

To help solve the compost marketing problem, a Supreme-Court-mandated Inter-Ministerial Task Force for IPNM submitted its report in May 2005.  Among several recommendations was the mandatory co-marketing by fertilizer companies of available city compost along with their urea etc, within a 150-200 km radius of any city compost plant. Though this has not yet been enforced by the Govt of India, fortunately the time has come when it is being actively taken up as a business strategy by fertilizer companies in 2008, because of a global shortage and price escalation of fertilizer inputs and of fertilizers in India.  These firms, though now enjoying a fertilizer subsidy which will touch Rs 80,000 crores this year, are eager to escape the accompanying Minimum Retail Price restrictions on their subsidized products and are diversifying into non-MRP-controlled supplements. All these years, the Fertiliser Association of India and its members fiercely resisted IPNM as a threat to the growth of their market size.  Now the fact that compost helps a farmer get the same yields with half the chemical fertilizer input is becoming a selling point for firms unable to meet demand and also unable to benefit from the dealers’ current black-market prices (more than double the MRP price now in some items).  This situation has created the right conditions for a free float of synthetic fertilizer prices with perhaps 5-10% of total production  made available under a dual pricing system similar to that prevailing for rationed items like sugar and kerosene.  The populism of India’s rulng parties has ensured steady ballooning of fertilizer subsidies here, In contrast, all other SAARC countries have rolled back or eliminated their fertilizer subsidies.  As a result, Pakistan’s first compost plant at Lahore is enjoying very robust demand for its city compost and is doubling its capacity. Both urban and rural India can similarly benefit from a subsidy roll-back.

Compost safety in Agriculture

The heavy-metal content of city compost has been specified in both the MSW Rules 2000 and the Agriculture Ministry’s Fertiliser Control Order of March 2006.  In the early nineties, lead content was always somewhat higher than allowed, as it came from dust and leaves in sweepings along roads exposed to leaded-petrol fumes, which are no longer a source of lead now. The question of heavy-metal content and safe use of city-compost has been answered by a Central Pollution Control Board study
 which found that in compost, less than one percent of trace metals occur in the most active water-extractable form which is highly available for plant uptake.  Their four-year study of city compost use in agriculture showed that accumulation of heavy metals in soil, plant and grain samples were all under the critical limit. Perhaps that is why Calcutta’s famous Dhapa Square Mile, where the city’s greens have been grown for a century on rotted garbage dumps, have not had adverse health effects. Chemical fertilizers, in contrast, have very high levels of water-extractable heavy metals, but there are no specified upper limits for these harmful contaminants.  Hence IPNM practices using compost with synthetic fertilizers help to bind these metals in the soil and make them unavailable to plants, making our food supplies healthier.

Municipal Waste To Energy

The only opponents of composting today are private promoters of municipal waste-to-energy (MWTE) projects and the Ministry of New and Renewable Energy (MNRE, previously MNES), both heavily dependent on foreign funding.  Developed countries progressively tighten their air quality standards, which makes emission control equipment as costly as an incineration plant itself.  This drives them to foist their dioxin-producing “burn” technologies on all developing countries with loose or poorly enforced air emission standards, despite its inherent technical unviability and enormous cost (12 - 43 times costlier than compost plants for equivalent waste quantities).  In the West and Japan, 80-84% of all debris-free waste is high-calorie packaging material which can be incinerated for power.  Developing-country waste, picked over by rag-pickers for survival, contains barely 12% of relatively lower-calorie packaging.  Here the high moisture content of our food-waste fraction consumes so much energy for moisture evaporation that there is no surplus exportable energy available. That is why a meeting of SAARC representatives on solid waste management (SWM) at Dhaka in October 2004, declared that  “SAARC countries agree that incineration as well as unproven technologies such as Plasma, should not be considered as an option for the treatment of their municipal solid wastes for low calorific value and environmental pollution potential”.   
High cost of MWTE Power

High levels of inert debris make Indian waste even worse for MWTE, averaging 800-1000 kcal/kg vs a minimum 2600 kcal/kg inherent energy required for any power generation.  Recognising this, the MNRE offers heavy subsidies and permits the addition of 25% biomass (sawdust, paddy-husk etc) to waste streams in municipal waste-to-energy plants.  In practice it is common knowledge that the only two plants that are operating at Vijayawada (part-time) and Hyderabad clandestinely use almost entirely biomass, with token quantities of urban waste in order to claim far higher prices for their power than they would get for biomass-based power alone.  MERC, the Maharashtra Electricity Regulatory Commission, realizing that these inflated power purchase agreements ensure profits for rich promoters at the cost of all power consumers both rich and poor, has wisely mandated that power produced by any MWTE projects in that State shall be entirely purchased by the city providing the waste, to be used for its own street lights and sewage treatment plants etc and for third party sale thereafter.  This has effectively halted one potential scam in Mumbai.  Overall, since the nineties, there have been over 30 stillborn MWTE projects, with five legal actions and two convictions of the promoters.  
Anaerobic digestion

Biomethanation is in principle an acceptable way to generate power from waste, but works best only at very small scales and for on-site use, like biogas for kitchens from canteen wastes.  Even at a 20tpd market-waste plant in Vijayawada costing 4 crores, flaring the biogas at a remote sewage treatment plant site has been stopped as neighbours complained of “hot air”,  so methane is being needlessly produced and released into the air unused. (Composting is an aerobic process which prevents any methane formation.)   An 84 crore plant for energy from 125 tons/day of Lucknow waste was closed overnight in December 2004 without giving notice or wages, after the promoters availed Rs 15 crore subsidy from MNES (enough to start 7 compost plants of 125 tpd capacity). As a result, the Supreme Court put a two-year stay on subsidies for MWTE plants pending a technical review of both MWTE technologies (biogas and incineration).  The Committee, mainly MNRE nominees, could merely recommend that “the failure of one plant should not condemn a new technology”. The Supreme Court in May 2007 permitted MNRE to set up 5 pilot plants.  None have commenced yet, but their misinformed Minister has recently informed Parliament that 33 such plants are working!      
PVC Phaseout

Two independent members of this MWTE review committee in a dissent note expressed serious concern about dioxin hazards in air, water and ash from incineration options, since India has just one dioxin-measuring instrument (cost Rs 1 lakh per test), let alone any dioxin-emission legislation.  Dioxins form when chlorine or bromine containing organics like PVC (polyvinyl chloride, 40% chlorine by weight) is burnt.  It does not need an incinerator to cause such pollution.  Huge amounts of city wastes are burnt by the roadside to reduce waste collection volumes, though this is illegal since 2000. These all contain use-and-throw PVC items like medicine and food packaging (ketchup etc), stationery, toys and footwear, although non-PVC alternatives are readily available for every such use. Instead of trying to measure and regulate dioxin emissions, it makes sense to ban one-time-use PVC items and allow its beneficial use for now only in long-life items like irrigation piping, electrical cables, vinyl flooring.  This idea received unanimous acceptance and applause at two meetings of plastics industry members, but there is no official action on this front yet.  PVC bans for all items are increasingly in place worldwide, as this “poison plastic” has outlived its usefulness when disposal costs are factored in.
Plastics bans 
Non-chlorinated plastics are not hazardous but have tremendous nuisance value, especially as light thin-film carrybags, which are present as only 7-10% by weight but over 55% by volume in domestic waste. Mandating increased polybag thickness and virgin material use “to encourage recycling” has in fact increased  polymer producers’ sales and the plastic content in waste. This was recommended only by plastics raw material producers and  no citizen, kabadiwala, NGO or polybag manufacturer was in the committee deciding this. Charging separately for bags supplied will have a wonderful impact on reducing its use, as Ireland’s 85% reduction has shown by this policy.  

Plastic improves Tar Roads

 Luckily, India has two proven cost-effective technologies for improving the quality and durability of asphalt roads while solving the problem of thin-plastic waste. Shredded plastic road-waste added in mini or macro hot-mix plants coats the hot stones like a baked-on primer with excellent adherence to the bitumen (tar) and can replace 8-10% by weight of this increasingly costly hydrocarbon with cost savings and improved weather resistance. Tamil Nadu has over 2000 km of such “plastic roads” in every district and eco-habitat.  Again, only corruption stands in the way of massively adopting this useful and proven know-how: State PWDs and their contractors love to repair the same roads over and over and fear durability.

Bio-mining of old waste dumps

Another beneficial new development since 2004 has been the removal and recycling of historic piles of old waste by the same methods that work for raw waste:  bio-culture treatment and weekly turning of wind-rows of old waste.  These heaps heat up, dry out and reduce in volume by upto 40%, yielding useful humus-rich soil-improving bio-earth.  This usefully reduces waste heaps to ground level for alternate land use and prevents generation of any methane or leachate in future as no waste remains at site.  All this at a fraction of the cost of “capping” such heaps to capture methane (often merely for flaring) and leachate  needing expensive power-guzzling effluent treatment.  There are six success stories, including the earliest one at Nasik, and ongoing bio-mining can be seen at Hyderabad and Pune.   
Sewage Sludge

A little-recognised or managed urban solid waste is the sludge from city sewage treatment plants.  Countrywide, most of these plants do not function and allow raw sewage to bypass all equipment because their operation is so power-guzzling.  Those that do run face a serious problem of drying and disposing of their stinking semi-liquid sludge, often only seasonally, for as little as Rs 60/ton. Use of custom bio-cultures in the digestion ponds saves upto 75% of power and minimizes sludge production, as the earliest trials at NSG complex Gurgaon have shown.  This technology is now proven,  but is yet to have a major impact. Compost from sewage sludge should preferably be used only on non-food crops, as the city’s open drains often carry pollutants like electroplating waste and other illegal industrial effluents with toxic content .
Nala Gardens for Natural Sewage Treatment

A far better solution and model for the country is being increasingly implemented in Pune, thanks to its visionary horticulturist Yashwant Khaire.  Natural methods of sludge-free sewage treatment through planted reed-beds or wetlands are widely practiced worldwide, normally requiring extensive tail-end space.  Pune has refined this to a win-win inner-city solution that creatively converts wide unhygienic storm-drains to lovely ribbon-parks for public enjoyment while at the same time purifying polluted waters at no additional cost and using them for garden maintenance. 
The way forward 
Huge funds have now been earmarked by the Govt of India for addressing urban solid and liquid waste problems There are also enough techno-economically viable and proven examples and solutions in hand for all to follow.  What is needed now is the political will for enforcement of the existing road-map and adoption of success stories everywhere.  We also need to frame and enforce Ecofriendly Packaging and Waste Minimisation Rules, which will also reduce the toxicity, pollution potential and public health hazards of urban waste if India’s success story is to be taken seriously by ourselves and the world. This will require looking beyond existing practices to ensure replacement of non-recyclable expanded-polystyrene packaging with alternatives like papier-mache, use of lead-free paints and toys, chlorine-free paper-making for needlessly-bleached products like toilet paper, sanitary napkins and absorbent diapers, elimination of one-time-use PVC and much more.  EU eco-legislation on all fronts is the ideal model for us to follow.    
� TERI = Tata Energy Research Institute:  “Looking Back to Think Ahead: Green India 2047” p 285


� Characterisation of MSW Compost and its Application in Agriculture, CPCB, February 2006.





